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ABSTRACT

A study was conducted for aerobic treatment in rastegenously designed Bench-top Bioreactor to finttbe
degradability of color, COD and lignin content froRulp and Paper mill effluent (PPME) using biosdéopt
process. The Strains of Phanerochaete chrysospaMIi@C No. 787 and Aspergillus fumigatus MTCC N&.733
procured from Institute of Microbial Technology (TACH), Chandigarh was used. The strains exhibitgdifscant
reduction in color, COD and lignin content of th®E to the extent of 86%, 56% and 71% respectiwly P.
chrysosporium and 80%, 51% and 63% respectively wit fumigatus after 7 days of aerobic treatment in
comparison to control. The reduction in these pagtars started occurring from first day of the tmaant, but the
maximum reduction in these parameters was obseafted 7 days, at pH (5.640.2), temperature (25+1°&)d
biomass (5% v/v) of the fungal strains. The remaxtli P. chrysosporium was more in comparison téufigatus.
The kinetic study for the rate of removal of col6QD and lignin content by both species were fownbest fit a
pseudo first order reaction. The rate constant vi@msnd to be inversely proportional to the concetitma of
parameters. The Bench-top bioreactor used for thatinent of effluent was found to be cost effecBgnificant
reduction in color, COD and lignin content were &oted in our bioreactor at a fraction of the costtommercially
available bioreactors making our bioreactor moréeefive and economical for effluent treatment by Bulp and
paper industry.
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INTRODUCTION

Pulp and paper industry is one of the core indaissctors in India which ranks 15th among the papeducing
countries of the world. At present, there are 666 mnd paper mills in India including 632 agroides and
recycled fiber based units, with a manufacturingacity of 7.6 million tons. However paper and pirdgustry is
highly energy intensive, consuming large amountexth water, nearly 75% to 95% of which is disgiear by the
industries as effluent containing organic and imaoig pollutants, including coloring materials [lt]is sixth largest
polluting industry [2] of India.

The quality and quantity of processed water chadeends on the methods of production. The huge ammai
wastewater discharged by the Pulp and paper maifjaires elaborate effluent treatment process, wikiehdrain on
the economy and tough on environment. The efflgenerated at the pulping stage, called blacloligoontains
various compounds like dissolved lignin and thekgihdation products, hemicelluloses, resin acitly facids,
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tannins and phenols. These organic compounds aecerasponsible for the characteristic dark browlorcand
toxicity of effluent. Thus, it is obligatory to @ the effluent prior to its discharge into recegviwater bodies
[3,4,5,6].

Since the advent of paper industry serious attetmpie been made to remove this dark color of tfieestt [7,8,9].
However the technique of chemical oxidation by 11, while precipitation methods by [12] used femoving this
color are tedious and cumbersome and result irtiaddl environmental load.

Biological methods for color removal are particlyaattractive. Since lignin and its derivatives.e timajor
contributors of black color are biodegradable [1&}d have been investigated using several groups of
microorganisms. These methods have potential, sheealso reduce chemical oxygen demand (COD)elsas
biological oxygen demand (BOD) [14]. These bio-noelh involve use of fungi, bacteria, algae and emsyas a
single step treatment or in combination with otlpérysical and chemical methods. However, the bicklgi
treatment studies have largely confined themsdlvebhe evaluation of various microorganisms, [1&ong the
different kind of microorganisms used, white robdiihave proved their potential in the lignin/phiknavastewater
treatment and have proved as ideal organism fooldezation as well as for the reduction of absbibaorganic
halides and the COD [16].

The present study was conducted to find out patenfi two fungal straing®hanerochaete chrysosporiuand
Aspergillus fumigatugor the removal of color, COD and lignin conteritRulp and paper mill effluent using an
indigenously designed Bench-top Bioreactor.

EXPERIMENTAL SECTION

Procurement and maintenance of fungal strains

Fungal strainsK. chrysosporiunMTCC No. 787 andA. fumigatusMTCC No. 3377) were procured from Microbial
Type Culture Collection Centre, IMTECH, Chandigafihe fungal strains were enriched in Sabouraudchbfiat 3
to 7 days. Further sub culturing of fungal straiese performed from the stock culture for maintagnthe strains
and incubated at 5.6+0.2 pH and 25+1°C temperdan® to 7 days. These strains were then transfeiwethe
Bioreactor.

Description of the fungal strains

P. chrysosporiumbelongs to kingdom fungi, phylum basidiomycota, sslabasidiomycetes and genus
Phanerochaete These fungi act as plant pathogens and their ggémeludes white rot fungus because of its
specialized ability to degrade the abundant aramgnin polymer, while leaving the white cellulopeactically
untouched. The fungus releases extracellular enzymbreak-up the complex three-dimensional streatd lignin
into components that can be utilized by its metigbal It is able to degrade complex compounds suschtarch,
cellulose, pectin, lignin and hemicelluloses et@]|

A. fumigatusbelongs to kingdom fungi, Phylum Ascomycota, cl&ssotiomycetes and genusspergillusis a

cosmopolitan and thermotolerant fungus which itateal primarily from compost, plant material and.sib plays

an essential role in carbon and nitrogen recyclitigch was an important factor for decolorizatiomgess of the
industrial effluent [18].

Collection of effluent from Pulp and paper mill industry

The Pulp and Paper mill effluent (PPME) was coédcfrom the discharge point of the Star Pulp angePill
Ltd. It is situated about 5 km from the Saharangity (Uttar Pradesh, India) which produces papeitasnain
product from agrobased residues. The PPME was htdoghe laboratory and stored in refrigeratof ‘&t.

Bioreactor design and biosorption of the effluent

The biosorption of PPME was carried out in an iredemsly designed Bench—top bioreactor (Fig.1), fwhgc
consisted of glass (Borosil) aspirator bottle (woéu10.0 litre, radius 9.15 cm and height 38.0 cenjha reaction
vessel, fitted with an air tight rubber cork hayisix ports connected with sterilized hollow tuldsdifferent
heights. Height of the tubings used for air outk@imple inlet for injecting sample in the reactooculums inlet for
culture transfer and for air outlet was maintaiabdve the surface of the effluents in the reastbereas heights of
the tubings used for (a) to bubble sterilized mithie effluent (b) to insert a thermostat for relog the temperature,
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and (c) the addition of acid/ alkali for adjustrheh pH, was maintained below the surface of thitueiit and
preferably about 5 cm from the bottom of the bictea The lower side opening of the vessel was sed
collecting samples when desired. The reaction Vesas filled with 7.0 liter effluent, inoculated thi selected
fungal strains (5% v/v) and mouth of the glass ekegms properly sealed with air tight rubber cdritially, the pH

and temperature in the reactor vessel were setéaarid 25°C with addition of acid/ alkali bufferlgtion and

thermostat respectively, these values were mardaduring the experiment because most of the fupgefter

acidic pH and the temperature range of 25°C - JotGheir growth.

|
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Figurel. Bioreactor design

Analytical methods

Color content in the effluent was analyzed by thethod of [13]. Briefly, in this method 20 ml sampheas
centrifuged at 10,000 rev/min for 30 min (Model REMI-R-24). And the pH was adjusted to 7.6 withlitidn of
acid/ alkali buffer solution. The absorbance wasasneed at 465 nm using spectrophotometer (Elecsdnidia,
Model no. 1305) and transformed into color unitatifum-Cobalt standard with a range of 0-500 coleits

(PCU). Lignin content and COD (Open reflux methoflthe effluent were measured by the methods asngin
[19].

Statistical analysis
Standard deviation (SD) and One way analysis ofimae (ANOVA) were used for data analysis to meashe
variations of color, COD and lignin from PPME bef@nd after treatment using MS Excel, 2003.

RESULTSAND DISCUSSION

Characterization of PPME
The meantSD values of physico-chemical charactiwizaof PPME used for bioremediation showed that it

contained COD 2149.67+14.50 (mg/l), lignin 6252.2249 (mg/l), color 2934.75+20.62 (platinum-cobatits)
and had a pH 8.1+0.2.

Reduction in color of PPME

The significance of incubation time ranging fromio421 days for the removal of color has been shbwmany
researchers. [20] used aerobic packed bench sealetor with the white-rot fungusTrametes versicolor
immobilized into small cubes of holm oak wood, theshieved 69% color removal from pulp mill effluest
incubation temperature of 25°C in 2 to 5 days ofibation period. [6] obtained 78.6% color removahf pulp and
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paper mill effluent by three fungal strains vidlerulius aureus an unidentifiedBasidiomyceteand Fusarium
sambucinunat pH 4.3 and temperature 30°C after 4 days ofkatian time , [21] achieved 83% color removal by
P. Chrysosporiunin 4 days at pH 6.72 and temperature 32°C, wherf22] reported 84% color removal I®/
Chrysosporiumin 5 days of incubation period at pH 7.0 and terapge 30°C. The color removal after a long
incubation period (21 days) was obtained by [23Jnaubation temperature of 27+1°C. The percentaglerc
removal on treatment of Pulp and paper mill efflueras observed bip. chrysosporiun{67.78%). [24] recorded
maximum reduction in color (26%) from activateddgje-treated pulp mill effluent and stated thatld range 4-8
and temperature 20°C were more suitable for caoraval by NaOH treatefispergilus nigein 48 hr of incubation
time.

During the present study, using Bench top biorgg@terobic treatment system), significant reductio color was
obtained withP. chrysosporium(86.28%) andA. fumigatus(79.67%) fungal strain in comparison to control
(Effluent without strain) after 7 days of aerohieatment at a pH (5.6+0.2) and temperature (25+{Fg) 2). The
maximum reduction (86.28%) in color of PPME wasorded withP. chrysosporiummas compared to control.
However, the color removal during 7 days of treathie encouraging. The color reduction was recotddae slow
at the early stage of aerobic treatment which msed to its maximum on thd day (Fig. 2) before decreasing
again. This may be due to the formation of othempounds (tri-, tetra and pentachlorophenol, chiigd
catechols, chlorinated guaicols and dioxins) whaca of particular importance, as they are knowibédochighly
recalcitrant and responsible for color in the béater [25]. Thus, seven days of aerobic treatmenitiged better
nourishment in the media for the full growth andtéreadaptation of fungal strains.
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Figure 2. Percentage color removal by fungal strainsat the
(pH 5.640.2, Temperature 25+1°C and biomass v/v 5%)
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Reduction in COD

Paper mill effluent characteristically contains hiBOD, COD, color and suspended particles [23,Z6F high
value of COD and BOD indicates highly biodegradatd¢éure of the effluent and thus suitable for ddgtian by
fungi [23]. [27] observed 48% COD removal afterddé/s at 38°C temperature and pH 4.5. The higherctemh in
COD (89.4%) from Pulp and paper mill effluent iddys of aerobic treatment at temperature 30°C &hd.B, by
the consortiumNlerulius aureusan unidentifiedBasidiomyceteandFusariums ambucinumjnmobilized on nylon
mesh in a continous aereated bench-top bioreaatobéen shown by [6]. [16] usPadecilomyces s§10% wi/v) for
aerobic treatment of Pulp and paper mill effluentitwo step bioreactor and observed 93% COD rehaiftex 7
days of experiment at pH 8.0 and temperature 28F7. achieved best reduction in COD (98.5%) frongdmse
effluent byP. chrysosporiunfbiomass concentration 552 mg/l) at a temperattiB5eC and pH 6.0 after 9 days of
treatment. [28], showed significant reduction in Z(¥8.4%) byP. chrysosporiunirom pulp mill effluent at pH
3.9, temperature 30°C on the 10th day of the erpant.
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In the present study, significant reduction in C@Bs achieved b¥. chrysosporiun{56.32%) andA. fumigatus
(50.82%) at a pH 5.6+£0.2 and temperature 25+1°Camparison to control. The maximum reduction in COD
(56.32%) was achieved W chrysosporiunfFig. 3). The preliminary reduction in COD was slatthe early stage
of treatment, it increased with increase in incidratime and maximum reduction was observed afteays of
aerobic treatment witR. chrysosporium

60
=4 cantrol

0 <P clrysosponum
A furngatus

=
[
1

[
==
1

—
=
1

%% (COD) Removal
[ )
[}

=

1 2 3 4 5 6 7
[ncubation Peniod (Days)

Figure 3. Percentage COD removal by fungal strainsat the
(pH 5.610.2, Temperature 25+1°C and biomass v/v 5%)

Reduction in lignin content

It has been observed that lignin decomposes intpplsi sugar and starch in bio-treatment process thaed
assimilated by fungus [29,30]. [31] reported bestdition for lignin removal (78%) from pulp mill stewater at
pH 9.0, temperature 28°C after 16 days of biotreatmvith P. chrysosporium[32] reported pH 4.5 was optimum
for enzyme production and lignin degradationychrysosporiumwhile a pH of 5.0 was more appropriate for
OxysporusSp. andSchizophyllum commun€&he first extracellular enzyme ‘ligninase’, diseced to depolymerizes
lignin and lignin-sub structured compouridsvitro were produced by this organism. A second classipjrae also
produced byP. chrysosporiunis ‘manganese peroxidase’, this enzyme is knowmasganese peroxidases (MnP).
Manganese is known to catalyze several oxidatioactiens important in lignin degradation, including
decarboxylation and demethoxylation of aromaticstuattes. [17] reported 70% reduction in lignin efiedays of
incubation time at pH 6.0 and temperature 30°PbgZhrysosporiunfrom bagasse effluent. In the other study of
bio-treatment of pulp and paper mill effluent, flowed significant reduction (79.9%) in lignin kherulius aureus
an unidentifiedBasidiomyceteand Fusariums ambucinunm bench top bioreactor at pH 4.3 and temperatOfe€ 3
after 4 days of incubation time. [23] recorded m&thn in lignin (63.8%) from industrial effluenttaf 21 days of
the fungal treatment at an incubation temperatéiBy#1°C usingP. chrysosporium

In the present study, a significant reduction wiasimed in lignin content from pulp and paper reffluent after 7
days of aerobic treatment with. chrysosporium(70.52%) andA. fumigatus(62.91%) at a pH 5.6+0.2 and
temperature 25+1°C. Maximum removal (70.52%) imiligcontent was shown W8. chrysosporiumA continuous
increase in the reduction of lignin content wasenbsd during 7 days of incubation period (Fig. 4).
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Figure 4. Percentagelignin removal by fungal strainsat the
(pH 5.640.2, Temperature 25+1°C and biomass v/v 5%)

Kinetic study of color, COD and lignin content
The rate of removal of color, COD and lignin contarere studied and it can be represented by tlse dirder
reaction as follows [33]:

In g =kt
C.

Co = Initial concentration parameter,

C; = Concentration of parameter after t time,
k = Rate constant,

t = Time in hours.

The rate of removal of parameters (color, COD agwirh content) was studied by plotting graph betwkg€Cy/C,)
vs t(day) to yield a straight line with a slopeThe straight line showed (Fig. 5) good fit of pseUist order
Kinetic model for removal of parameters by boththad fungal strains. The rate constant for removaasameters
for both fungal strains increased with a decreas¢hé concentration of parameters. The graphs \whrited
between log k vs log C where log k value represtmsrate constant and log C represents the caatient of
pollutant after time t (Fig. 6 and 7). This may dhee to increase in biosorption process which mayeese the
fungal growth and more reduction in color, COD #gdin content in seven days of the incubation qebri

The ANOVA analysis on the data showed that decreafiee values of color, COD and lignin content evésund
to be affected significantly (R 0.001) in comparison to control off' flay of treatment with botR. chrysosporium
andA. fumigatus.

Cost effectiveness of indegenously designed Bioreactor

In developing countries like India, medium scalelustries like Pulp and paper mill industries havdaimge
contribution in polluting the water bodies. It affe the rate of photosynthetic reactions of plantsmerged under
the water body and its transparency due to itsrcéihstallation of bioreactors for biological treent reduces the
cost of chemical treatment and provides betteciefiicy. A number of bioreactors with a cost from58§0-20,000
are available in market, which have good capadit2Q0 L) for treatment of PPME. The main drawbaakthese
bioreactors are high manufacturing and operationat (Table-1) associated with their installatiaich renders
them uneconomical for middle scale industry.

In the present study, the cost of bioreactor, mactufed from locally available indigenous matenehs very low
($165) in comparison to the cost of other bioreacavailable in market (Table-2). Aeration, homamenmixing in
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bioreactor was performed by high speed aeratioea@lglass wool was used instead of micro filterclwheduced
the cost.
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Figure5. (a) log Co/C;vs. t (day) for P.chrysosporium, (b) log Co/C;vs. t (day) for A.fumigatus.

Tablel. Cost of commer cially available Bior eactor

Bior eactor type Capacity (Litre) | Costin USD ($) | Manufacturing company
Fermentor bioreactor 14.0L 10,000 Bioforce Co., Ltd. (South Korea)
Laboratory fermentor 5.0L 15,000 Shanghai Gaoji Biological Engineering Co., Ltd. {i@h)
Laboratory fermentor/ bioreac 10L 4,50( Bio-Age Equipment and Servic (India)
BIOF-Fermenta 5.0L 20,00( Shanghai Gaoji Biological Engineering Co., Ltd. {i@h)
Stainless steel bioreactor 200L 15,000 | Shanghai Ritai Medicine Equipment Project Co., (€&hina)

Source: www.alibaba.com
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Figure6.logk vslog C (a) Color (b) COD (c) Lignin for P. Chrysosporium.
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Table2. Cost of indigenously designed Bench-Top bioreactor

Total Volume 10L

Working Volume 07L Cost-$
Vessel Head Plate 06 port for The_rmostat, Aeration, Sampling, AirletitpH 140

and Inoculum inlet por
Vesse Single wall (Borosil aspiratc
. Flow rate 5LPM
Aeration Inlet Filter Layer of glass wool Cost-$5
Temperature Total Cost-
b Thermostat 20-34°C Cost-$ 7 $165

Maintenance

Digital pH meter Hanna HI 96107
pH Accuracy +0.1 Cost- $
maintenance o Manually adjusted 20

Calibration method @7, (4?/7115) and (7,10)
Hollow Tube: Six sterilized hollow tube | Plastic tube Cos-$ 2
Others Sealing Material Rubber cork, Silicon gre®seafilm Cost-$ 1

Source: www.alibaba.com
CONCLUSION

The PPME collected from Star Pulp and paper Milll.LSaharanpur (Uttar Pradesh, India) containedga hi
concentration of color, COD and lignin content shmayits organic nature.

An indigenously designed bench-top bioreactor shb#at strain ofP. chrysosporiumwas more effective in
removal of color, COD and lignin content from theNPE in comparison té\. fumigatusat pH 5+0.2, temperature
25+1°C and biomass (5% v/v). The kinetic study giga good fit of pseudo first order Kinetic model removal
of color, COD and lignin by both the fungal straif®gnificant reduction in color, COD and ligninntent was
achieved in our bioreactor at a fraction of thet &fective having less manufacturing and operati@ost, easy to
be maintained and provided good condition for bissngrowth in comparison to bioreactors availabltnénmarket
for PPME treatment and culture cultivation.
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